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•

Cirrus cloud and ice supersaturation

Cirrus clouds have large but highly uncertain impacts on Earth’s climate [Chen et al.
2000; IPCC 2013]. Cirrus cloud formation requires ice supersaturation (ISS), i.e.,
relative humidity with respect to ice (RHi) greater than 100%. However, it is
challenging to relate ISS and ice crystal properties on the microscale with large-scale
dynamics. Here we use in-situ aircraft data at temperature (T) ≤ - 40 °C to analyze the
roles of multi-scale dynamics in the formation of ISS and ice crystals.
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•Case studies of ISS formation in the UT/LS
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•Case studies of the dynamical conditions of
ISS formation
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1.Below the thermal tropopause
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3. GFS data show positive vertical velocity:
Mesoscale uplifting

1.Around the thermal tropopause
2.Wrapping around the jet core
3. GFS data show both negative and positive vertical
velocity on mesoscale

•ISS and ice crystal formation in dynamical
coordinates wrt thermal tropopause and jet core
Findings:
(1) Thermal tropopause serves as the
upper boundary for ISS and ice crystal
distributions
(2) Much tighter correlation with jet stream
in the dynamical coordinates
(3) Ratio of ISS and ice crystal frequencies
in anticyclonic/cyclonic side of jet core:
ISS: 1.6; Ice crystals: 2.0
ISS and ice crystals are more frequently
observed on the anticyclonic side, which
is consistent with previous studies:
- ECMWF model of ISSRs
(Gierens et al. 2012)
- Remote sensing observations of clouds
(Wylie 2002; Irvine et al. 2012)
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Dataset: Stratosphere-Troposphere Analyses of Regional Transport
(START08) campaign (2008)
Meteorological background is based on NCEP GFS analysis:
~35 km horizontally; ~500-1000m vertically (UT/LS)
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•Five phases of ice crystal region evolution
Phase 1: Clear-sky ISSRs
Phase 2: Ice crystal nucleation
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ISS frequency distribution is more scattered
in the altitudinal and latitudinal view

What is new:
1. Multi-scale dynamical processes are shown to
be involved in ISS formation.
2. Collective analyses on ISS distributions in
relation to large-scale dynamical boundaries.
3. Using dynamical coordinates, we found that
distributions of ISS and ice crystals are tightly
correlated with jet stream, and vertically
confined by thermal tropopause.

Phase 3: Ice crystal early growth
Phase 4: Ice crystal later growth
Phase 5: Sedimentation/sublimation

•Vertical distributions of five evolution phases of
cirrus clouds
[1] Five evolutionary phases
of ISSRs+ICRs (i.e.,
horizontal segments of ISS
and cirrus clouds)
The distributions of nucleation
phase peaks around the thermal
tropopause, while early growth
phase peaks at ~2 km below the
tropopause. Later growth phase
peaks at ~6 km below
tropopause. The sedimentation/
sublimation phase happens
throughout ~2-6 km below the
tropopause.

[2] The vertical distribution
of cirrus clouds is
consistent with cloud
modeling results:
Spichtinger and Gierens, 2009;
Jensen et al., 2013

[3] Chemical tracer
correlation analysis
Cirrus evolution in tracer space
shows similar downward shift in
vertical location: most earlier
phases (clear-sky ISS and
nucleation) happen inside the
chemical transition layer, while
the majority of the later phases
happen below that layer.

Implications to simulating ISS and ice crystal formation in
cloud and climate models
1. ISS and ice crystal formation is associated with multi-scale dynamics. Both
upward and downward motion on the mesoscale can provide the large-scale
background for ISS and ice crystal formation, given that small-scale waves/
turbulences are involved in the latter case.
2. Two sets of coordinates (i.e., dynamical coordinates and chemical tracer
coordinates) are used to analyze ISS and ice crystal distributions in relation to
upper tropospheric dynamics. The combination of these two coordinates provide
a comprehensive view of a) dynamical background on the synoptic scale and b)
distinct chemical compositions of air masses on the microscale.
3. Excluding ISS in model simulations would lead to more artificial ice crystals and
less water vapor. Based on our results of cirrus evolution phases’ vertical
distributions, such underestimation of water vapor would be unevenly
distributed. The maximum underestimation of water vapor (and overestimation of
ice crystals) would happen right around the thermal tropopause.

